This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK (uspto) 



Europaisches 
Patentamt 



Eur pean 
Patent Office 



Office eur peen 
des brevets 



Bescheinigung Certificate 



Attestation 




Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patent a nmel- 
dung Gberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page t as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldunglr. Patent application No. Demande de brevet n° 

01440074. 1 



f^ r A yff r |g ent des Eur °Paischen Patentamts; 

For the President of the European Patent Office 
Le President de I'Office europeen des brevets 




I L.C. HATTEN-HECKMAN 

DEN HAAG,DEN 

THE HAGUE, 25/04/01 

LA HAYE,LE 



EPA/EPO/OEB Form 



1014 -02.91 



THIS PAGE BLANK (uspto) 



Europaisches European Office europeen 

Patentamt Patent Office des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de l attestation 



Anmeldung Nr.: a„««i^« 

S»" 01A40074.1 16/03/01 

Anmelder 

Applicant(s): 

Demandeur(s); 

ALCATEL 
75008 Paris 
FRANCE 



Bezeichnung der Erfindung: 
Title of the invention: 
Titre de I'invention: 

WDM optical communication system 



In Anspruch genommene Prioriatfen) / Priority{ies) claimed / Priorite{s) revendiquee(s) 

Stete- n 3 ? : Aktenzeichen: 

pit! R a e: Rle no. 

rays Date: Numero de depot: 



Internationale Patentklassifikation: 
International Patent classification: 
Classification Internationale des brevets: 

/ 



Am Anmeldetag benannte Vert rag staaten 



Bemerkungen: 

Remarks: 

Remarques: 



EPA/EPO/OEB Form 1012 -11.00 



MyFiJeNr. K025/A 
ALCATEL FIT Nr. 103320 



WDM Optical Communication System 



The present invention relates to a WDM optical communication system with Raman 
amplification. 

Optical communication systems are a fast-growing constituent of communication networks. 
The term "optical communication system" as used in the following relates to any system or 
device which makes use of optical signals to transport information across an optical 
waveguiding medium. Optical communication systems comprise inter alia telecommunication 
systems, local area networks (LAN), cable television systems etc. 

Wavelength division multiplexing (WDM) is a technique which allows to increase the 
capacity of fibre optic networks. In a WDM system, a plurality of optical channels are carried 
over a single waveguide, each channel being assigned a particular wavelength. The use of 
WDM systems for signal transmission is described in US-5,959,750, the disclosure of which 
is incorporated herein by reference. 

For the transmission capacity of optical fibres in optical communication systems is expected 
to advance in the future, the evolution of optical amplification is one of the core technologies 
involved in this process. A key to this evolution is the availability of extremely-broad-band 
optical amplifiers, offering amplification over nearly all the transmission window allowed by 
silica. These requirements can be met inter alia by Raman amplification. 

Optical fibre Raman amplifiers (FRA) are well known and are known to be designed to 
operate at a desired wavelength between 1.25 jam and 1.7 jim. FRA utilize silica-based fibres 
and display a high transparency when unpumped. The working principle of FRA is based on 
stimulated Raman scattering as for example explained in the Ph.D. thesis of P. Riedel with the 
title "Untersuchungen zum kunftigen Einsatz solitonengestutzter faseroptischer 
Nachrichtenubertragung bei 1,3 jam Wellenlange", Hamburg 1998, the disclosure of which is 
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incorporated herein by reference. FRA can serve for example as a replacement for 
conventional repeaters or semiconductor-amplifiers, or for rare-earth-doped fibre amplifiers or 
in combination with them. 



Y. Emori and S. Namiki disclose in OFC (Optical Fibre Communications Conference) 99, 
PD19-1 to PD19-3 Raman amplifiers which are pumped and gain equalized by 12- 
wavelength-channel WDM high power laser diodes. Every laser has to be multiplexed by a 
1 1-MZI-planar lightwave circuit (PLC) and individually power-supplied by means of a 
controlling unit. 

When Raman amplification in optical communication systems is used as mentioned above , 
i.e. in combination with several WDM wavelength pump channels, interference between 
adjacent pump channels will occurr, i.e. they "crosstalk 1 '. This is due to stimulated Raman 
scattering and four- wave-mixing. Therefore, significant pumping efficiency will be lost in 
addition to pump instabilities caused by polarisation of the interfering channels. 



Several solutions for these problems have been proposed: 



The use of a Raman fibre laser as pumping means provides a high pump efficiency output 
which is located in only one channel. The use of two or more Raman fibre lasers is possible 
but is more costly and power-consuming. Raman lasers are not polarized. 

Alternatively, the use of two semiconductor pump lasers for each required pump wavelength 
combined with a PBC (polarisation beam combiner) has been proposed, which allows to 
obtain an unpolarized output. However, this leads to a loss of power at the pump output in the 
range of 0.5 dB to 1 dB and requires an additional step in the fabrication of the Raman pumps. 
Moreover, this solution affords twice the number of pump units for a given number of pump 
channels. This doubles the overall cost and the costs of the PBC are high. 



Another alternative is to use a single semiconductor pump laser for each required pump 
wavelength and to depolarize it by use of a polarisation maintaining fibre of a length L from 
about 10 to 100 m where its principal axis is rotated by 45° with respect to the principal axis 
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of the polarisation maintaining fibre pigtail of the laser. This principle was used in Bigo et al. 
ECOC '00 (postdeadline paper no. 2), Munich 2000. In the experiment described in this paper 
each of the four pump lasers used for distributed Raman amplification was depolarized by this 
technique. However, the solution is not fully satisfactory, as firstly, a perfect depolarisation 
could not be obtained and secondly, the introduction of the polarisation maintaining fibre 
induced losses in the pump path of about 0,5 dB. 

In addition all prior art systems described in the foregoing do not reduce the pump cross-talk. 

The underlying problem of the present invention is therefore to avoid polarization effects in 
multichannel WDM pumps used in Fibre Raman Amplifiers (FRA) for localized as well as 
distributed Raman amplification while maintaining a high pumping efficiency and to reduce 
cross-talk between pump wavelengths. 

This problem is solved by a WDM optical communication system with Raman amplification 
with the features of claim 1 . 

Accordingly, a WDM optical communication system, comprises input means and output 
means for an optical signal, an optical fibre path connecting signal-transmissively said input 
and output means, wherein the optic signal is amplified by means of Raman amplification and 
said optical fibre path comprises at least one Raman amplifier, further comprises WDM 
means for coupling at least two polarized pump radiation wavelengths with wavelengths less 
than the signal radiation wavelength into said Raman amplifier, whereby one pump radiation 
wavelength has a selected different polarization with respect to the polarization of the other 
pump radiation wavelengths. 

This pump arrangement according to the invention with a suitable selection of the polarization 
provides a larger Raman gain with up to several dB more in signal-to-noise ratio (SNR) by 
reducing considerably the cross-talk between the pumps. It does also reduce the instabilities in 
the gain. 
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Preferably, the Raman amplification is a distributed Raman amplification with less noise 
compared to lumped Raman amplification. In another embodiment, the Raman amplification 
is localized Raman amplification. 



In an advantageous embodiment, at least one pump radiation wavelength has a polarization 
which is orthogonal with respect to the polarization of at least one other pump radiation 
wavelength. 

It is particularly preferred that only the polarization of the lower part of the pump wavelengths 
multiplex is orthogonal with respect to the upper part. For example, the pump wavelengths are 
between 1420 and 1500 nm and the signal in the C and L band is between 1525 and 1610 nm. 
Particularly, using three pumps (the first three: lower part) out of exemplarily four pumps and 
using an orthogonal polarization for the fourth spaced apart one (upper part), is highly 
efficient, because most pump cross-talk through Raman scattering takes place between the 
extreme pump channels. 

It is understood that the aforementioned advantages and the features of the invention 
explained in the following, are not only used in the specifically described combination, but 
can also be used by a person skilled in the art in other combinations or alone, without 
exceeding the scope of the invention. 



The invention is schematically explained in figures 1 and 2 and is described in detail, where 
reference is made to the drawings. 



Figure 1 schematically shows an embodiment of the invention when using 4 pumps. 

Figure 2 schematically shows a diagram which indicates the Raman interactions between two 
orthogonal polarized and between two copolarized wavelengths. 

Figure 1 shows the working principle of the invention. In this specific embodiment, 4 different 
pump wavelengths are used. The three pump wavelengths at 1427, 1439 and 1450 nm are 
strongly interacting with the fourth pump wavelength when they are depolarized but are not 
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interacting when they are polarized and the pump wavelength 4 is orthogonal with respect to 
the other three pump wavelengths. 

Figure 2 shows a diagram which indicates the Raman interactions between two orthogonal 
polarized and between two copolarized wavelengths. The diagram shows the Raman 
efficiency Cr 

(W^km" 1 ) related to the difference Av of the frequency of the pump and of the respective 
channel. The first curve denoted with the sign ± shows the behaviour for two orthogonally 
polarized wavelengths. Curve 2 is denoted with the sign || showing the behaviour for two 
copolarized wavelengths. Curve 3 referenced to as (|| + x)/2 shows the behaviour for two 
unpolarized wavelengths. 

Figure 2 further shows two different areas, denoted with the numbers 1 and 2. Area 1 shows 
the Raman interaction behaviour of curves 1 to 3 in the case that the wavelengths of the pump 
(for example at 1427 nm) and of the signal, for example at 1439 nm, are spaced apart with 
less than 5 THz. As can be seen from area 1, the behaviour in all three cases shows about the 
same effect. 

As can be seen in area 2 for differences in wavelength spacing with more than 5 THz, the 
energy transfer between the two wavelengths is at a maximum when they are copolarized and 
is halved when they are depolarized. The effect of the present invention can be seen in curve 1 
in area 2, where this energy transfer is minimal for orthogonally-polarized wavelengths. 
Examples of wavelengths corresponding to this case are 1427 and 1485 nm. 
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Patent Claims 



1. WDM optical communication system, comprising input means and output means for an 
optical signal, an optical fibre path connecting signal-transmissively said input and output 
means, wherein the optic signal is amplified by means of Raman amplification and said 
optical fibre path comprises at least one Raman amplifier, further comprising WDM means 
for coupling at least two polarized pump radiation wavelengths with wavelengths less than the 
signal radiation wavelength into said Raman amplifier, 

characterized in 

that one pump radiation wavelength has a selected different polarization with respect to the 
polarization of the other pump radiation wavelength " *" 

2. Amplifier according to claim 1, characterized in that the Raman amplification is a 
distributed Raman amplification. 

3. Amplifier according to claim 1, characterized in that the Raman amplification is a localised 
Raman amplification. 

4. Amplifier according to one of the preceding claims, characterized in that at least one pump 
radiation wavelength has a polarization which is orthogonal with respect to the polarization of 
at least one other pump radiation wavelength. 

4. Amplifier according to claim 3, characterized in that the polarization of the pump radiations 
of the lower part of the pump wavelength band is orthogonal with respect to that of the upper 
part. 
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Abstract 



The present invention provides a WDM optical communication system, comprising input 
means and output means for an optical signal, an optical fibre path connecting signal- 
transmissively said input and output means, wherein the optical signal is amplified by means 
of Raman amplification and said optical fibre path comprises at least one Raman amplifier, 
further comprising WDM means for coupling at least two polarized pump radiation 
wavelengths with wavelengths less than the signal radiation wavelength into said Raman 
amplifier, wherein one pump radiation wavelength has a selected different polarization with 
respect to the polarization of the other pump radiation wavelengths. 
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